Background and Aims: Small dense low-density lipoproteins (sd-LDL) particles are smaller and heavier than typical LDL ones. They can penetrate into the endothelium of coronary arteries more easily because of their small size. Diabetes mellitus is accompanied by dyslipidemia such as increasing concentration of plasma very low density lipoprotein and sd-LDL. Peroxisome proliferator activated receptor γ (PPARγ ) can decrease the level of sd-LDL in plasma. Biochanin A (BCA), a natural compound, is a PPARγ agonist. The present study was designed to investigate the effect of BCA on sd-LDL-Clolesterol level in diabetic animals. Materials and Methods: Adult male rats (Wistar strain) were used as the animal models in this study. Animals were made diabetic by single intraperitoneal injection of Streptozotocin-Nicotinamide and then treated by 1 and 5 mg/kg of BCA for 28 days. Body weight and fasting blood glucose were also tested before and at the end of treatment. Furthermore, the size of LDL particles were measured by nondenaturing polyacrylamide gradient gel electrophoresis assay. Results: Results of the present study indicated that BCA administration at dose of 5mg/kg decreased fasting blood glucose level and increased body weight and diameter of LDL particles in diabetic animals significantly. Conclusions: BCA seems to be an appropriate agent in diabetes mellitus, because it improves the diabetic dyslipidemia, which is the most important complication in diabetic patients.
Introduction
Low density lipoprotein (LDL) is one of the major groups of lipoproteins in plasma. LDL particle subclasses are different in size, density, lipid composition and pathologic effects. LDL particles include light and large (LDL 1,2), intermediate (LDL 3) and small dense particles (LDL 4,5) [1] . Frequency and distribution of LDL subclasses can be influenced by multiple factors such as diet, body mass index, diabetes mellitus, metabolic syndrome and familial dyslipidemia [2, 3] . LDL particles invade the endothelium of coronary arteries which is the main cause of atherosclerosis and cardiovascular disease. Higher frequency of LDL particles with small size (sd-LDL), because of easier transport to coronary arteries endothelium, increases the risk of cardiovascular diseases [3] .
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder accompanied by dyslipidemia such as increasing concentration of plasma very low density lipoprotein (VLDL) and sd-LDL [4] [5] [6] [7] [8] . Atherosclerosis is a common complication of T2DM; it probably arises from atherogenic effects of LDL particles. Accurate pathophysiology of diabetic dyslipidemia is still controversial.
With regard to previous studies, insulin deficiency is the main cause of diabetic dyslipidemia. Insulin inhibits hormone sensitive lipase in adipocytes which will result in decreased degradation of triglycerides (TG) and migration of free fatty acids (FFA) to liver.
Moreover insulin inhibits apo B100 synthesis, in this way VLDL synthesis in liver will decrease. On the other hand, insulin stimulates lipoprotein lipase (LPL) activity, which will induce to increased intracellular oxidation of FFAs. In conclusion, in the state of insulin deficiency, VLDL synthesis increases and intracellular oxidation of FFAs decreases, which will result in diabetic dyslipidemia [9] .
Peroxisome proliferator activated receptor γ (PPARγ) transcription factor, is one of the important agents in lipid metabolism and glucose homeostasis. This is a ligand-inducible transcription factor and presents in adipocytes, colon and macrophages. Genes such as LPL, adiponectin and c-cbl associated protein are instances which are regulated by PPARγ. These genes have important roles in lipid metabolism and glucose homeostasis. It seems that PPARγ agonists are appropriate agents to control T2DM and the resulting dyslipidemia [10] [11] [12] [13] [14] [15] .
Biochanin A (BCA), a PPARγ agonist, is an isoflavonoid found in red clover and soy beans.
In several studies, the anti-diabetic effect of BCA has been approved, but its function and mechanism is still controversial. Probable anti- have a considerable effect on diabetic dyslipidemia [16] [17] [18] .
The present study was designed to investigate the effect of BCA on sd-LDL cholesterol (sd-LDL-c) levels and diameter of LDL particles in the serum of diabetic rats. In addition, animals´ body weight and fasting blood glucose (FBG) were tested. 
Materials and Methods

Animals
Study design
Four experimental groups were defined in this study; they were included in two treatment and two control groups. Ten animals were assigned randomly into each group. Diabetic rats were then divided in two treatment and a control groups. Healthy rats were placed in another control group. BCA was administrated intraperitoneally in 1 and 5 mg/kg/day doses during 28 days. BCA (BCA, D2016, Sigma) was dissolved in 75% Dimethyl sulfoxide (DMSO) before administration [22, 23] .
Animals' body weight, FBG, sd-LDL-c levels and diameter of LDL particles in serum were tested at the beginning and the end of the study.
After 28 days, animals were anesthesized using ether. Blood sample were collected, serum was separated and maintained at -80°C. FBG levels were measured by glucometer (Glucocard 01, Arkray, Japan).
sd-LDL-C assay
For measuring the concentration of sd-LDL-c in serum, the lipoproteins which have the density lower than 1.044 g/ml should be precipitated.
These lipoproteins include VLDL, IDL and large buoyant LDL (lbLDL). Precipitation reagent was composed of 15 U/ml heparin sodium salt and 90 mmol/lit magnesium chloride (MgCl2). The serum (0.1 ml) was mixed with 0.1 ml precipitation reagent and was incubated at room temperature for 10 minutes. At the next step, the mixture was incubated on ice for 15 minutes. Finally, the mixture was centrifuged (25000×g , 15 minutes, 4°C). The supernatant included HDL and sd-LDL. As it was explained, all of the LDL particles in supernatant are sd-LDL particles.
We used the direct LDL-C kit to measure the sd-LDL-c in the supernatant [24] . Next, direct Albumin and thyroglubulin with diameter of 3.8 and 17 nm respectively were used as markers.
At the end, the gel was stained with Sudan Black for detecting the LDL bands and measuring the mobility differences [2] . The diameter of LDL particles was measured based on mobility differences of LDL particles and molecular markers on polyacrylamide gel electrophoresis.
Statistical analysis
Data are presented as Mean±SD and one-way ANOVA analysis, followed by post hoc Tukey̕ 's test. P value <0.05 was accepted as significant.
Results
The effect of BCA administration on body weight of the diabetic rats is shown in Table 1 .
According to this table, body weight significantly increased in 5mg/kg BCA treated rats compared with that of the rats treated with1 mg/kg BCA and the diabetic control group (p<0.001), but it could not reach the level of the healthy control group (p<0.01). There was no significant difference in body weight between diabetic control group and the rats treated with 1mg/kg BCA (p>0.05). Mean±SD fasting blood glucose (mg/dl) in healthy control (n=10) , diabetic control (n=10) and BCA-treated animals (1 and 5 mg/kg; n=10). a: compared with healthy control; b: compared with diabetic control; c: compared with diabetic rats treated with BCA. #:p<0.01,*:p<0.001. BCA= Biochanin A Table3. Effect of BCA administration on animals´ sd-LDL-c level and LDL particle diameter in serum 
Conclusion
According to the results of the present study, it seems that BCA has a dose dependent effect on improving the diabetic dyslipidemia.
Decreased level of sd-LDL-C was accompanied by decreased level of FBG and heightened weight loss in diabetic rats. In conclusion, BCA seems to be an appropriate agent in diabetes mellitus, because it improves the diabetic dyslipidemia that is the most important complication in diabetic patients.
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